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Clinical PerspectiveWhat Is New?Chronological aging is a strong predictor of incident atrial fibrillation, but leukocyte telomere length shortening is not a major predictor of incident atrial fibrillation.What Are the Clinical Implications?There is a potential for using biomarkers as predictors of atrial fibrillation, but the evidence points in a direction that shorter telomere length may not be a suitable biomarker to predict atrial fibrillation.

 {#jah32653-sec-0008}

It is estimated that among persons ≥40 years of age, ≈1 out of 4 will develop atrial fibrillation (AF).[1](#jah32653-bib-0001){ref-type="ref"}, [2](#jah32653-bib-0002){ref-type="ref"}, [3](#jah32653-bib-0003){ref-type="ref"}, [4](#jah32653-bib-0004){ref-type="ref"} The prevalence of AF increases with advancing age,[5](#jah32653-bib-0005){ref-type="ref"}, [6](#jah32653-bib-0006){ref-type="ref"} and with an aging population, the prevalence of AF in United States has been projected to rise from ≈3 to 7 million in 2015 to between 6 and 12 million in 2050.[7](#jah32653-bib-0007){ref-type="ref"}, [8](#jah32653-bib-0008){ref-type="ref"} AF imposes a burden on the patient and healthcare system, because AF is associated with diminished quality of life and increased risk of chronic kidney disease, dementia, stroke, myocardial infarction, heart failure, sudden cardiac death, and all‐cause mortality.[9](#jah32653-bib-0009){ref-type="ref"}, [10](#jah32653-bib-0010){ref-type="ref"} Numerous modifiable and nonmodifiable AF risk factors have been identified and incorporated in AF risk prediction models,[5](#jah32653-bib-0005){ref-type="ref"}, [11](#jah32653-bib-0011){ref-type="ref"} and age has been recognized as the most prominent risk factor for AF.[5](#jah32653-bib-0005){ref-type="ref"}

Aging is a complicated process involving multiple biological changes related with time; therefore, age may be perceived as chronological and biological. Chronological age is determined by time passed since birth, whereas biological age involves molecular and cellular processes. Telomere length has been proposed as a potential biomarker of biological aging.[12](#jah32653-bib-0012){ref-type="ref"} As depicted in Figure [1](#jah32653-fig-0001){ref-type="fig"}, telomeres are the cap structure of chromosome ends, which function to protect the chromosome from deterioration. A telomere comprises repetitive DNA sequences. The specific sequence of nucleotides in human telomeres is 5′‐TTAGGG‐3′, which is repeated about 2000 to 2500 times. During cell division, telomere shortening occurs in the process of DNA replication; hence, numerous cell divisions will shorten the telomere length and reflect changes in biological age.[13](#jah32653-bib-0013){ref-type="ref"}

![Conceptual figure illustrating possible mechanisms between shortening of telomere length and atrial fibrillation.](JAH3-6-e006541-g001){#jah32653-fig-0001}

Shorter telomere length is associated with a wide range of age‐related chronic diseases, such as hypertension, insulin resistance, vascular dementia, myocardial infarction, and stroke.[14](#jah32653-bib-0014){ref-type="ref"}, [15](#jah32653-bib-0015){ref-type="ref"}, [16](#jah32653-bib-0016){ref-type="ref"}, [17](#jah32653-bib-0017){ref-type="ref"}, [18](#jah32653-bib-0018){ref-type="ref"} Only a few studies have investigated the association between shorter telomere length and the age‐related disease AF, and the studies reported opposing results with only 1 study supporting the association.[19](#jah32653-bib-0019){ref-type="ref"}, [20](#jah32653-bib-0020){ref-type="ref"}, [21](#jah32653-bib-0021){ref-type="ref"}

Theoretically, there may be a possible pathophysiological mechanism linking shorter telomere length and AF, as illustrated in Figure [1](#jah32653-fig-0001){ref-type="fig"}. The development of AF may involve a vulnerable atrial substrate, because of fibrosis or inflammation, for example.[22](#jah32653-bib-0022){ref-type="ref"} Shorter telomere length has been linked to fibrosis, inflammation, and collagen deposition in other diseases (eg, idiopathic pulmonary fibrosis), and may play a similar role in pathological atrial structure remodeling.[23](#jah32653-bib-0023){ref-type="ref"}, [24](#jah32653-bib-0024){ref-type="ref"}, [25](#jah32653-bib-0025){ref-type="ref"} Oxidative stress not only affects mitochondrial DNA mutations and shortened telomere length,[26](#jah32653-bib-0026){ref-type="ref"}, [27](#jah32653-bib-0027){ref-type="ref"} but also may play a role for the development of atrial substrate.[27](#jah32653-bib-0027){ref-type="ref"}, [28](#jah32653-bib-0028){ref-type="ref"} A trigger is required to initiate AF; a highly hypothetical relationship has been drawn between shorter telomere length and autonomic nervous system dysregulation, high sympathetic activation, and high heart rate.[23](#jah32653-bib-0023){ref-type="ref"} However, the pathophysiological mechanisms potentially underlying the association between shorter telomere length and AF are unknown.

In the present investigation, we hypothesized that shorter leukocyte telomere length (LTL) is associated with increased risk of incident AF.

Methods {#jah32653-sec-0009}
=======

Study Sample {#jah32653-sec-0010}
------------

The Framingham Heart Study enrolled the Original cohort in 1948. The Offspring cohort (n=5124) was enrolled in 1971 and comprised adult children of the Original cohort and their spouses. The Offspring cohort was followed up every 4 to 8 years with standardized Framingham Heart Study examinations.[29](#jah32653-bib-0029){ref-type="ref"} Participants were eligible for the present study if they attended their routine sixth examination cycle (n=3532), which occurred between 1995 and 1998. The inclusion day was the day the participant attended the sixth examination cycle. The exclusion criteria for the present study were as follows: age \<45 years, AF prevalent at inclusion, and missing participant characteristics at inclusion (Figure [2](#jah32653-fig-0002){ref-type="fig"}).

![Flow diagram depicting the selection of the study sample. AF indicates atrial fibrillation; LTL, leukocyte telomere length.](JAH3-6-e006541-g002){#jah32653-fig-0002}

Measurement of Leukocyte Telomere Length {#jah32653-sec-0011}
----------------------------------------

All participants provided written informed consent for genetic research. Based on laboratory tests from the sixth examination cycle, DNA was extracted from leukocytes. LTL was measured if participants had sufficient available buffy coat (Data [S1](#jah32653-sup-0001){ref-type="supplementary-material"} and Figure [S1](#jah32653-sup-0001){ref-type="supplementary-material"}). Southern blotting was performed to obtain the mean length of the terminal restriction fragment, as previously described.[30](#jah32653-bib-0030){ref-type="ref"} The mean length of the terminal restriction fragment is referred to as LTL. The coefficient of variation of the LTL measurement for duplicate or triplicate DNA samples was 2.4% on different gels. The laboratory personnel performing the LTL measurement were blinded to clinical characteristics of the Framingham Heart Study participants.

Clinical Evaluation at Baseline {#jah32653-sec-0012}
-------------------------------

A clinical evaluation was performed at inclusion. We collected variables used for the Cohorts for Heart and Aging Research in Genomic Epidemiology‐AF consortium (CHARGE‐AF) risk model for the prediction of incident AF[11](#jah32653-bib-0011){ref-type="ref"}: age, sex, height, weight, current smoking (defined as smoking cigarettes regularly during the year before inclusion), systolic blood pressure, diastolic blood pressure, antihypertensive medication, diabetes mellitus (defined as fasting glucose ≥126 mg/dL or use of insulin or hypoglycemic medication), history of myocardial infarction, and history of heart failure.

Assessment of AF and Follow‐Up {#jah32653-sec-0013}
------------------------------

Incident AF through December 31, 2014 was the outcome of interest. AF was assessed from Framingham Heart Study examinations, and participants\' outside clinical visits or hospitalizations; questions about AF status were included in health history updates. In the Framingham Heart Study, 2 medical doctors evaluated all available records and ECGs of incident AF. AF was defined as atrial flutter or fibrillation. Each included participant was followed from the day of sixth examination cycle until whichever came first: newly diagnosed AF, or last Framingham Heart Study examination or last health history contact, in which the participant was free of AF, death, or end of follow‐up in year 2014.

Association Between Leukocyte Telomere Length and Incident AF {#jah32653-sec-0014}
-------------------------------------------------------------

The LTL measurements were normally distributed and therefore logarithmic transformations of the measurements were not applied. The association of LTL with incident AF was assessed using Cox proportional hazards regression models. We analyzed LTL as a continuous variable. We first adjusted the model for age and sex; we fitted a second model further adjusted for smoking, height, weight, systolic blood pressure, diastolic blood pressure, antihypertensive medication, diabetes mellitus, history of myocardial infarction, and history of heart failure. The results were expressed as the hazard ratio (HR) associated with 1 SD unit decrease in LTL. We verified the proportional hazards assumption in the Cox model with respect to LTL, by using a predictor‐by‐time interaction term (*P*=0.96). To illustrate the results graphically, we estimated multivariable‐adjusted Kaplan--Meier curves to show the adjusted cumulative risk of AF across 3 groups defined according to LTL tertiles (short=5.4--6.7, medium=6.8--7.2, or long LTL=7.3--8.7). The adjustment was achieved with inverse probability weighting and we used the R package IPWsurvival.[31](#jah32653-bib-0031){ref-type="ref"}

In sensitivity analyses, (1) we excluded participants with history of myocardial infarction or heart failure; (2) age (instead of calendar time) was used as the time scale in the Cox models[32](#jah32653-bib-0032){ref-type="ref"}; and (3) we calculated the subdistribution HRs using the Fine and Gray model to account for the competing risk of death. Lastly, we explored the functional form (beyond linearity) between LTL and the hazard of incident AF by using fractional polynomials and splines. Analyses involved use of R version 3.3.2 (R Development Core Team, Vienna, Austria).

We conducted post hoc analysis testing for sex and age as effect modifiers of the association between LTL and AF. In the latter, age was analyzed as a continuous variable and we plotted the marginal effect associated with a 1 SD decrement in LTL across the range of age 45 to 85 years; we also reported a stratified analysis with age categorized into age \<60 and age ≥60 years.

Statistical Power and Minimal Detectable Effect {#jah32653-sec-0015}
-----------------------------------------------

The proportion of participants experiencing incident AF in the study sample was 16% (184/1143). For a type I error of 0.05, we estimated that, with power of 80%, the minimally detectable HR was about 1.25 per 1 SD decrease in LTL. We considered a 2‐sided *P* value of \<0.05 as statistically significant.

Ethics {#jah32653-sec-0016}
------

The study was approved by the Framingham Heart Study review committee.

Results {#jah32653-sec-0017}
=======

Study Sample Characteristics {#jah32653-sec-0018}
----------------------------

The selection of participants is illustrated in Figure [2](#jah32653-fig-0002){ref-type="fig"}; after exclusions, we studied 1143 AF‐free participants. The characteristics of the study sample at inclusion (time participant attended sixth examination cycle during 1995--1998) are shown in Table [1](#jah32653-tbl-0001){ref-type="table-wrap"}. The mean age was 60±9 years, 52.8% were women, and ≈1 out of 3 participants used antihypertensive medications. The mean LTL was 6.95±0.57 kb. The baseline characteristics of the study sample did not differ systematically from participants who did not have LTL measurements (Table [S1](#jah32653-sup-0001){ref-type="supplementary-material"}). Figure [S2](#jah32653-sup-0001){ref-type="supplementary-material"} depicts a scatterplot of LTL against age, and a linear regression model showed that the mean LTL was associated with ≈0.22‐kb decrease per 10‐year higher mean chronological age.

###### 

Characteristics of the Study Population at Baseline

  Characteristic                        n=1143
  ------------------------------------- ------------
  Age, y                                60.0±8.6
  Women, %                              604 (52.8)
  Leukocyte telomere length, kb         6.95±0.57
  Height, cm                            168±9
  Weight, kg                            79±17
  Current smoker, %                     158 (13.8)
  Systolic blood pressure, mm Hg        130±19
  Diastolic blood pressure, mm Hg       76±9
  Treatment for hypertension, %         339 (29.7)
  Diabetes mellitus, %                  128 (11.2)
  History of myocardial infarction, %   32 (2.8)
  History of heart failure, %           5 (0.4)

Data are mean±SD for continuous traits and n (%) for dichotomous traits.

Association Between Leukocyte Telomere Length and Incident AF {#jah32653-sec-0019}
-------------------------------------------------------------

The mean follow‐up was 15.1±4.2 years. During follow‐up, a total of 184 participants (35% women) developed incident AF, and 262 participants died free of AF. The main results are shown in Table [2](#jah32653-tbl-0002){ref-type="table-wrap"}. Chronological age was strongly associated with AF (multivariable HR per 10‐year increment in age, 2.16; 95% confidence interval \[CI\], 1.71--2.72). With adjustment for sex only, LTL was associated with incident AF (HR associated with a 1 SD decrease in LTL, 1.30; 95% CI, 1.12--1.52). In the multivariable‐adjusted Cox regression, we did not find evidence for an association between LTL and incident AF (HR associated per 1 SD decrease in LTL, 1.01; 95% CI, 0.86--1.19).

###### 

Association of LTL Shortening and Incident AF

        Age‐ and Sex‐Adjusted   Multivariable‐Adjusted[a](#jah32653-note-0005){ref-type="fn"}                       
  ----- ----------------------- --------------------------------------------------------------- ------------------- ------
  LTL   1.06 (0.90--1.25)       0.48                                                            1.01 (0.86--1.19)   0.90

AF indicates atrial fibrillation; CI, confidence interval; LTL, leukocyte telomere length.

Covariates included age, sex, height, weight, smoking, systolic blood pressure, diastolic blood pressure, antihypertensive medication, diabetes mellitus, history of myocardial infarction, and history of heart failure.

HR=hazard ratio associated with a decrease in LTL of 1 SD (0.57 kb).

In Figure [3](#jah32653-fig-0003){ref-type="fig"}, we show the multivariable‐adjusted cumulative risk of incident AF in 3 groups defined according to LTL tertiles. Participants with longer LTL did not have higher probability of being free of AF in follow‐up compared with those with shorter LTL.

![Multivariable‐adjusted Kaplan--Meier curves depict the cumulative risk of atrial fibrillation across 3 groups defined according to LTL tertiles: short LTL (5.42--6.66 kb), medium LTL (6.67--7.2 kb), and long LTL (7.3--8.7 kb). The cumulative risk estimates are adjusted for age, sex, smoking, height, weight, systolic blood pressure, diastolic blood pressure, antihypertensive medication, diabetes mellitus, history of myocardial infarction, and history of heart failure. LTL indicates leukocyte telomere length.](JAH3-6-e006541-g003){#jah32653-fig-0003}

Sensitivity Analyses {#jah32653-sec-0020}
--------------------

Table [3](#jah32653-tbl-0003){ref-type="table-wrap"} includes the sensitivity analyses. Excluding participants with history of myocardial infarction or heart failure did not substantially change the results compared with the main models depicted in Table [2](#jah32653-tbl-0002){ref-type="table-wrap"}. Similarly, using age as a time scale model showed results similar to the main results, indicating that the adjustment for age was acceptable in the main analysis. Analyses taking the competing risk of death into account (Table [S2](#jah32653-sup-0001){ref-type="supplementary-material"}) did not show any statistically significant association between LTL and incident AF either (subdistribution HR, 0.99; 95% CI, 0.84--1.17).

###### 

Sensitivity Analyses for the Association of LTL Shortening and Incident AF

  Exclusion of Participants With a History of Myocardial Infarction and Heart Failure                                                  
  ------------------------------------------------------------------------------------- ------------------- ------ ------------------- ------
  LTL                                                                                   1.10 (0.93--1.30)   0.27   1.06 (0.89--1.26)   0.50

  Age Used as Time Scale                                                  
  ------------------------ ------------------- ------ ------------------- ------
  LTL                      1.05 (0.90--1.23)   0.54   0.99 (0.84--1.17)   0.92

AF indicates atrial fibrillation; CI, confidence interval; HR, hazard ratio; LTL, leukocyte telomere length.

Covariates included age, sex, height, weight, smoking, systolic blood pressure, diastolic blood pressure, antihypertensive medication, diabetes mellitus, history of myocardial infarction, and history of heart failure.

Hazard ratio associated with a decrease in LTL of 1 SD (0.57 kb).

Same covariates as above, except for age (controlled for as the time scale).

Post Hoc Analyses {#jah32653-sec-0021}
-----------------

We did not observe significant effect modification by sex (*P*=0.45), but we found a significant qualitative interaction between LTL and age (*P*=0.03; Figure [S3](#jah32653-sup-0001){ref-type="supplementary-material"}). In stratified analyses, the HR associated with 1 SD decrease of LTL was 0.80 (95% CI, 0.60--1.08) in participants \<60 years and 1.21 (95% CI, 0.67--1.48) in those ≥60 years. Lastly, Figure [S4](#jah32653-sup-0001){ref-type="supplementary-material"} illustrates a smoothing spline fit for the relative hazard of incident AF as a function of LTL. The graph does not support a nonlinear relationship between hazards of LTL and incident AF (*P*=0.15 for the nonlinear term).

Discussion {#jah32653-sec-0022}
==========

In our prospective study examining the relation of LTL measurements to incident AF in the Framingham Heart Study, we have several principal findings. First, we did not observe a statistically significant association between lower mean or categorical LTL and incident AF. Second, in the multivariable‐adjusted model, the association between chronological age and incident AF was positive, which suggests that chronological age was a stronger predictor of AF than biological age, as assessed by LTL. In Table [4](#jah32653-tbl-0004){ref-type="table-wrap"}, we have summarized the evidence before our study, the added value of our study, and the implications of the published evidence.

###### 

Findings in Context

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Evidence before this study:We searched MEDLINE up to March 10, 2017 for observational studies that assessed the association between telomere length and incident atrial fibrillation ("Telomere Shortening"\[Mesh\] OR "Telomere"\[Mesh\] OR telomere\[tiab\]) AND ("Atrial Fibrillation"\[Mesh\] OR "atrial fibrillation"\[tiab\]). Three previous studies have examined the association between shorter telomere length and risk of atrial fibrillation. The 3 studies were designed differently and reported conflicting results, with only 1 study supporting an association between shorter telomere length and atrial fibrillation

  Added value of our study:\
  Our observational study based on data from Framingham Heart Study did not support an association between shorter leukocyte telomere length and incident atrial fibrillation. The findings of our study are consistent with the observation that chronological aging is a strong predictor of incident atrial fibrillation, but leukocyte telomere length shortening is not a major predictor of incident atrial fibrillation

  Implications of all the available evidence:\
  There is a potential for using biomarkers as predictors of atrial fibrillation, but the evidence points in a direction that shorter telomere length may not be a suitable biomarker to predict atrial fibrillation
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Another longitudinal study by Roberts et al also examined the association between telomere length and incident AF.[20](#jah32653-bib-0020){ref-type="ref"} The study was performed with data from the Cardiovascular Health Study, which is a population‐based cohort study with Medicare‐participants from 4 different communities in the United States. In total, 1639 participants were included in the study by Roberts et al, and mean age was 72.2 years and mean LTL measurement 6.33 kb. In our study, the mean age was lower and the mean LTL length longer. As in our study, Roberts et al found no association between LTL shortening and incident AF when LTL shortening was examined as both a continuous variable and across tertiles. Categorization of continuous predictors may create a loss of power and residual confounding[33](#jah32653-bib-0033){ref-type="ref"}; in our study we explored whether a linear association would not accurately represent the relationship between LTL and the hazard of incident AF, and we did not find support for a nonlinear association (Figure [S3](#jah32653-sup-0001){ref-type="supplementary-material"}). The studies by Roberts et al and our group considered telomere length from circulating leukocytes. However, Roberts et al also had measurements of left atrial cell telomere length from 35 participants, who had undergone cardiac surgery, and in comparison they reported that atrial telomere length was statistically longer than circulating LTL (*P*=0.03). The atrial tissue observation was found among participants with and without AF, and the finding supported that shorter telomere length and increased risk of AF may not be correlated. Similar to our study, Roberts et al tested the strength of telomere shortening and chronological age, and they also concluded that chronological aging was a stronger predictor of AF than telomere length as a biomarker for biological aging.[20](#jah32653-bib-0020){ref-type="ref"}

In contrast to the findings in the longitudinal studies by Roberts et al and our group, a cross‐sectional study by Carlquist et al found a stepwise positive association between telomere shortening categorized according to quintiles. Among the 3576 included participants with an available LTL measurement from the Intermountain Heart Collaborative Study, 379 had prevalent AF. The mean age was 69.8, 68.4, and 72.2 years in the paroxysmal, persistent, and permanent groups, respectively. The prevalence of AF was 11.6% in the shortest LTL group to 7.8% in the longest LTL group (*P*\<0.0001). However, this stepwise reduction in LTL and increased risk of AF was less apparent between the 3 middle quintiles. Among AF cases, Carlquist et al were able to classify the subtype of AF in 277 participants; they reported that the presence of paroxysmal AF was more strongly associated with LTL shortening than the presence of persistent and permanent AF. It has long been held that AF progresses from paroxysmal to a more persistent subtype.[34](#jah32653-bib-0034){ref-type="ref"} The finding by Carlquist et al was surprising, since theoretically one would anticipate that a stepwise LTL shortening would occur from paroxysmal to persistent or permanent AF. However, diverse measurement methods of telomere length, variations between longitudinal versus cross‐sectional data, and measuring telomere length as a linear or categorical variable (eg, tertiles or quintiles) may influence the results in the different studies. Moreover, the study by Carlquist et al did not include longitudinal follow‐up. Finally, the included participants were all referred for angiography and a large percentage of the participants had coronary heart disease. Coronary heart disease is a risk factor for AF[5](#jah32653-bib-0005){ref-type="ref"}, [6](#jah32653-bib-0006){ref-type="ref"}; hence, the findings in the study by Carlquist et al may have been affected by selection bias.

Shorter telomere length and risk of cardiovascular disease was assessed in a meta‐analysis performed by Haycock et al.[18](#jah32653-bib-0018){ref-type="ref"} Based on multivariable‐adjusted studies, the meta‐analysis reported an increased relative risk of coronary heart disease and cerebrovascular disease comparing the shortest third versus the longest third of telomere length. However, the association between cerebrovascular disease and shorter telomere length did not persist in subgroup analyses including only prospective or high‐quality studies. The meta‐analysis did not examine the association between shortening telomere length and risk of AF. As illustrated in Figure [1](#jah32653-fig-0001){ref-type="fig"}, a relationship between shorter telomere length and incident AF is theoretically possible, but the relationship was not evident in our primary analyses. We found an interaction between LTL and age in a post hoc analysis. As illustrated in Figure [1](#jah32653-fig-0001){ref-type="fig"}, a relationship between shorter telomere length and incident AF is potentially possible in older adults. However, the relationship was not evident in our primary analyses, so we must consider the finding hypothesis generating. Future studies on the interaction between age and telomeres and risk of AF will need larger study samples to clarify whether there is a subtle relationship between shorter telomere length and incident AF in older adults.

Strengths and Limitations {#jah32653-sec-0023}
-------------------------

The major strength of our study was the use of prospective data from the Framingham Heart Study, which has previously been used for LTL analyses.[15](#jah32653-bib-0015){ref-type="ref"}, [30](#jah32653-bib-0030){ref-type="ref"}, [35](#jah32653-bib-0035){ref-type="ref"} However, our study also had several limitations. First, this was an observational study; therefore, we cannot rule out residual confounding, establish causality, or provide mechanistic explanations. Second, we were not able to distinguish between atrial flutter or fibrillation and AF subtypes. Third, we acknowledge that we may have missed some AF cases in our study in the absence of continuous cardiac rhythm monitoring. Another possible reason for missing AF cases was that those who developed AF might have stopped attending Framingham Heart Study examinations, though we attempted to obtain their outside records regardless of attendance. Fourth, telomere attrition evolves with time, and we were not able to assess time‐dependent effects of LTL, because we only measured LTL at a single examination. However, telomere attrition over time is an important issue; accumulation of major life stressors predicts telomere shortening, whereas healthy behavior gives protection against major life stressors\' effect on telomere attrition.[36](#jah32653-bib-0036){ref-type="ref"}, [37](#jah32653-bib-0037){ref-type="ref"} Moreover, telomere length was measured in circulating leukocytes. Because the deterioration rate and telomere length differ between cell types, it would have been superior to measure the telomere length in cardiomyocytes instead of circulating leukocytes. However, in an observational community‐based study it is not feasible to measure cardiomyocyte telomere length, which is a limitation. We also acknowledge that the exact amount of sufficient buffy coat was unspecified in the protocol. Another limitation was that the participants in the lowest LTL tertile group were more likely to be lost to follow‐up or to die. It is likely that our post hoc subgroup analysis with participants age ≥60 years lacks statistical power for an association of smaller magnitude. Finally, the Framingham Heart Study participants were largely middle‐aged to older adults of European ancestry, and the generalizability of our findings to individuals of non‐European ancestry and other ages is unknown.

Conclusions {#jah32653-sec-0024}
===========

In our observational study based on data from 1143 participants from the Framingham Heart Study with LTL measurements, there was no significant association between shorter telomere length and risk of incident AF.
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###### 

**Data S1.** Protocol for leukocyte telomere length analysis by the terminal restriction fragment length (TRFL analysis).

**Table S1.** Characteristics of Participants With and Without Leukocyte Telomere Length Measurements at Examination Cycle 6

**Table S2.** Association of Leukocyte Telomere Length and Incident Atrial Fibrillation, When Taking the Competing Risk of Death Into Account

**Figure S1.** Illustration of an autoradiogram showing the terminal restriction fragments (LTLs) (A), the molecular weight ladders (B), and the superimposition of (A and B).

**Figure S2.** Scatterplot of leukocyte telomere length against age at baseline.

**Figure S3.** Marginal effect for incident atrial fibrillation associated with a 1 SD decrement in of leukocyte telomere length across the range of age 45 to 85 y.

**Figure S4.** Smoothing spline fit showing the relationship between relative hazard of incident atrial fibrillation and leukocyte telomere length.

###### 

Click here for additional data file.
